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[57] ABSTRACT 

A system for measuring and displaying the side and top 
profdes of an underwater pipeline as the pipeline is 
being laid on the sea floor by a pipe laying vessel. The 
profiles are determined by sequentially measuring the 
position of points spaced apart along* the pipeline with 
respect to a point on the vessel. The measurements are 
accomplished by sequentially transmitting an acoustic 
signal from three, non-oolinear transducers. The acous- 
tso signals from each transmission is detected by a plu- 
rality of receivers spaced apart along the pipeline. As 
each receiver detects a transmission it produces an indi- 
cating signal on a pair of electrical conductors which 
arc connected to the vessel and all of the receivers on 
the pipeline. The elapsed time between a transmission 
from a given transducer and detection of that transmis- 
sion by each receiver is an indication of the distance 
between the transducer and each receiver. After all 
three transducers have interrogated the receivers, the 
three-dimensional position of each receiver is known, 
and the pipeline profile as viewed from the top and side 
can then be platted. Examination of the pipeline profile 
indicates the stress along the pipe so that the pipeline 
tension, or barge yaw attitude, can be adjusted to pre- 
vent damage to the pipeline. 

4 OahaiB, 9 Drawing Figures 
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poaition of the pipeline between the vessel and seabed, 
NfKTHOD AND APPARATUS FOR ADJUSTING they require an unduly wide right of way, even when 
THE TENSION OF AN UNDERWATER PIPELINE the portion of the vessel can be accurately determined 

by navigational aids. 

This is a division of application Ser, No. 623,384, filed 3 SUMMARY OF THE INVENTION 

Oct. 20, 1975, now U.S. Pat. No. 4.037,189. 

It is an object of the invention to provide a system for 
BACKGROUND OF THE INVENTION indicating points of potential pipeline failure resulting 

1. Field of the Invention from excessive pipeline curvature or damage to the 
This invention relates to an underwater pipe laying 10 pipeline coating. 

apparatus and, more particularly, to a system for dis- It is another object of the invention to provide a 
playing the profile of a pipeline as it is laid on the sea system for indicating when corrective action is required 
floor by a surface vessel, to prevent pipeline failure. 

2. Prior Art Relating to the Disclosure It is still another object of this invention to provide a 
During the construction of an offshore pipeline the 15 system for accurately positioning an underwater pipe- 
pipeline is normally held on a surface vessel, such as a line on the sea floor. 

ship or barge, by a machine called a pipe tcnsioner These and other objects of the invention are accom- 
whose function is to exert a predetermined and rela- plished by an underwater pipe Uying system which 
lively constant tension on the pipeline regardless of the sequentially measures the distance between each of 
motion of the vessel due to sea movement, wind or 20 three non-colinear points on the pipe laying vessel and 
forward propulsion, in order to prevent the pipeline aplurality of points spaced along the length of the pipe- 
from being damaged. line. The distances are determined by measuring the 

During the pipelaying operation, the pipeline gcner- elapse times between transmission of an acoustic signal 
ally extends from the stem of the vessel onto a support- and receipt of the transmission by each of a plurality of 
ing structure called a stinger. The stinger is sloped. 25 receiven secured to the pipeline at spaced apart points, 
toward the seabed to provide a support for the pipeline Alternatively, the system may utilize receivers posi- 
to follow as the pipeline enters the water. From the end tioned at three non-coUnear points on the pipe laying 
of the stinger to the seabed the pipeline follows a modi- vessel for receiving acoustic signals from a plurality of 
fied catenary profde. The exact shape of the profile transmittersequally spaced along the length of the pipe- 
depends on the pipe stiffness, the depth of the water, the 30 line. The distance measurements arc then utilized to 
pipeline tension and any underwater currents. There- compute and display pipeline profiles as viewed from 
fore, the pipeline profile from the vessel to the touch- the top and side. 

down point on the seabed is uiJcnown. BRIEF DESCRIPTION OF THE DRAWINGS 

The characteristic problem of underwater pipe laymg 
operations is that if the pipeline is played out too rap- 35 FIG. 1 is an isometric view showing a pipeline ex- 
idly, the curved portions of the catenary may become tending between a pipe laying barge and the ocean 
excessively sharp, causing the pipeline to buckle. Al- floor, 

though this problem can be alleviated to some degree FIG. 2 is a side elevational view of the barge and 
by using the load of the pipeline on the pipe tensioner as pipeline of FIG. 1. 

a measure of pipeline tension and keeping this load at a 40 FIG. 3 is a top plan view of the barge and pipclme of 
predetermined value, this does not compensate for the FIG, 1. 

friction of the pipeline supporting mechanisms down- FIG. 4 is a block diagram of the overall system, 
stream of the pipe tensioner such as on the stinger as FIG. 5 is a block diagram of a transmitter unit, 
well as environmental conditions external to the vessel. FIG. 6 is a fragmented view showing the manner m 
By examining the side profUe of a pipeline extending 45 which the receivers are secured to the pipeline, 
between the vessel and the seabed, excessive curves FIG. 7 is a schematic illustrating a circuit for con- 
which arc likdy to cause buckling may be observed and necting the pipeline receiver or transmitter units in 
the tension of the pipeline may be accordingly increased order to provide distance discrimination, 
to reduce the curvature. FIGS. &7 and 8I> is a schematic of the receiver elec- 

A similar problem may arise with respect to lateral 50 tronics which may be secured to the pipeline and inter- 
deflections of the pipelaying vessel, since side buckling rogated by transmitters on the pipe laying vessel, 
may occur if the vessel deviates sufficienUy from a DETAILED DESCRIPTION OF THE 

desired pipeline route. Furthermore, even where the INVENTION 
lateral displacement of the vessel is not sufficient to 

cause side buckling, the pipeUne may be unduly length- 53 The system for determing the profile of an underwa- 
ened by following a curved path thereby increasing the tcr pipeline is illustrated in use in FIGS. 13. The pipeline 
cost of the pipeline. By examining the top profile of the 12, formed from a plurality of pipe sections welded end 
pipeline, the lateral position and pointing angle of the to end, extends from a surface vessel, such as a barge 14, 
vessel may be adjusted to prevent side buckling and (or from a reel barge method) to the ocean floor in 
ensure a straight pipeline path. 60 approximately the shape of a catenary. The position of 

As the pipeline passes over the stinger the coating of the pipeline 12 with respect to the barge 14 is controlled 
the pipeline may be damaged, thereby weakening the by tensioner unit 18 which securely grips the pipeline 
corrosion protection of the pipetine at localized areas. and selectively plays out or retracts the pipeline from 
By examing the top and side profiles of the pipeline the barge. One type of pipe tensioning unit is described 
these points of potential pipe failure can be determined 65 in U.S. Pat. No. 3,669,329 incorporated herein by refer- 
and corrective measures taken to avoid pipe rupture. ence, although other units performing similar functions 

Another disadvantage of conventional pipe laying may also be used. By adjusting the position of the pipe- 
systems is that since they do not accurately control the Une 12 with respect to the barge 14, the tensioner 18 
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maintains the pipeline 12 in substantially constant ten- duccrs 24, 28 are prcx:cssed by the on-board computer 
sion so that motioft of the barge 14 due to sea movement to generate a visual indication of the pipeline profile as 
does not cause damage to the pipeline. viewed from the top and as illustrated in FIG. 3. The 

The pipeline 12 extends from the stem of the barge 14 distance measurements from the transducer 26 to the 
over a stinger 20 which may be rigid, or articulated as at 5 receivers 32 are then also processed to generate a visual 
22, and slopes toward the ocean floor 16 to provide a indication of the pipeline profile as viewed from the side 
low stress profile for the pipeline 12 to follow. How- and as illustrated in FIO. 2. 

ever, despite the low stress profile, the weight of the In an alternative embodiment of the system the re- 
pipeline on the stinger may result in damage to the ceivers 32 are replaced by transmitters and the trans- 
pipeline coating which is generally concrete. Although 10 ducers 24, 26, 28 are connected to receivers instead of 
the shape of the pipeline 12 from the stinger 20 to the transmitters. All of the transmitters are simultaneously 
ocean floor 16 is a modified catenary, the exact shape of excited and each receiver-transducer 24, 26, 28 is se- 
the profile depends upon th^ pipe stiffness, the water quentially enabled to calculate the distance between 
depth, the pipeline tension and any underwater cur- each of the transmitters and the receiver-transducers, 
rents. Thus, as illustrated in FIG. 2. insufficient tension 15 The distance measurements are processed in the same 
may cause excessive bending at the curved portion of manner as in the first embodiment to generate side and 
the pipeline, and, as illustrated in FIG. 3, an underwater top pipeline profiles. 

current transverse to the path of the pipeline 21 may A block diagram illustrating the components of the 
cause the pipeline 12 to deflect to one side. Excessive system is shown in FIG. 4. The operation of the system 
curvature of the pipeline 12, either vertically or hori- 20 34 located on the vessel 14 is controlled by a central 
zontally, damages the pipeline coating and may cause processor 36 which is a relatively small, general pur- 
the pipeline 12 to buckle. For this reason it is important pose digital computer, such as a NOVA 2/10 manufac- 
to be able to determine the exact shape of the pipeline 12 tured by Data General, Inc., which also contains a real 
at all points from the barge 14 to the ocean floor 16. time clock and systems for interfacing with the remain- 
In one embodiment of the invention three transducers 25 ing components of the system. The central processor 36 
24, 26 and 28 are secured to the barge 14 at three sequentially provides trigger signals to the transmitters 
spaced-apart, non-colinear points beneath the water ^9a, b, c which then drive transducers 24, 26, 28, respec* 
surface. These transducers are connected to individual tively, so that the transducers propagate acoustic sig- 
transmitters which are adapted to selectively supply a nals. Although the frequency and characteristics of the 
signal so that the transducers propagate an acoustic 30 acoustic signals are not critical, in one operational em- 
signal. A plurality of receivers 32 are secured to the bodiment of the invention the acoustic signal b a 50 
pipeline at spaced-apart points along its length and arc KHz tone burst having a width of at least 100 microsec- 
connected in parallel by common electrical conductors onds. 

extneind along the pipeline to the barge 14. The spacing A block diagram of the transmitter 38 is illustrated in 
between the receivers determines the resolution of the 3S FIG. 5. It includes a one-shot 40 which receives the 
system, and a smaller inter-receiver spacing will be trigger signal from the central processor 36 and gener- 
required to achieve sufficient resolution to detect pipe- ates a piilse having a predetermined width. The pulse 
line bends having a smaller radius of curvature. The from the output of the one-shot 40 enables a linear gate 
minimum bending radius before buckling will vary with 42 so that the output of a SO iCHz, continuously running 
the characteristics of the pipeline and the ocean, and 40 oscillator 44, is gated to the input of a power amplifier 
will be a function of such parameters as pipeline diame- 46. The linear gate 42 is conventional and may be 
ter and water depth. formed using an FET mixer. The power amplifier 46 is 

The distance from each transducer 24, 26, 28 to each connected directly to one of the transmitting transduc- 
receiver 32 is measured by individually actuating each ers 24, 26, 28 which propagate the 50 KHz signal in a 
transmitter and measuring the elapse time from trans- 45 somewhat focused beam toward the pipeline, 
mission of the acoustic signal to detection of the signal When the acoustic signal reaches the receiver 32a it 
by each receiver 32. The first transmission is through produces a low level voltage at the output of receiver- 
transducer 24 and the receivers 32 produce an acknowl- transducer 48 which is amplified by a narrow band 
edgment signal on the common conductors upon detec- amplifier 50 and fed to a signal discriminator 52. The 
tion of the acoustic signal. Since the acknowledgment 50 signal preventethe receiver from responding to extrane- 
signals from the receivers occur in the sequence that the ous signals not originating at one of the transducers 24^ 
receivers detect the acoustic signal, and this sequence 26, 28. When the signal discriminator 52 receives an 
corresponds to the distances between the transducer acoustic signal having the proper characteristics indica- 
and the receivers, the acknowledgment signals are re- tive of an acoustic signal transmitted from one of the 
ceived in the order that the receivers are secured to the 55 transducers 24, 26, 28, it generates an acknowledgment 
pipeline 12. After acknowledgment signals have been signal oh conductors 54, 56 at the output of a lockout 
received from all the receivers 32 responsive to the mechanism 58 and triggers the lockout mechanism 58 to 
acoustic signal from transducer 24, a second acoustic prevent the receiver from generating additi<»uJ ac- 
signal is transmitted through transducer 26 and the knowledgment signals responsive to detection of de- 
elapsed times from transmission of that acoustic signal 60 layed acoustic signals which either travel indirectly to 
to receipt of the acknowledgment signals responsive to the receiver transducer or from one of the transmitter- 
detection of the signal by the receivers are measured. transducers 24, 26, 28 or reflect off underwater objects. 
Finally, the same procedure is repeated with respect to The wires 54, 56 are connected to a pair of conductors 
transducer 28. 60, 62 extending along the pipeline and connected to all 

An on-board computer (not shown) calculates a dis- 65 of the other receivers 32. 
tance corresponding to the elapsed transit time of the In an alternative embodiment the conductors 60, 62 
acoustic signals from the transducers 24, 26, 28 to the may be replaced by an acoustic link for conducting 
receivers 32. The distance measurements from the trans- acknowledgment signals to the vessel 14. In this em- 
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bodiment the output of the signal discriminator 52 trig* 
gen on acoustic transmitter operating at a different 
firequency than transmitter 38. The acoustic acknowl- 
edgment signal is then detected by a receiver transducer 
on the vessel 14. The elapsed time for a given distance 5 
in this embodiment is roughly twice that of the common 
conductor embodiment 

The acknowledgment signals from all the receivers 
32 are conveyed to the vessel 14. A signal arrival detec- 
tor 64 processes the acknowledgment signals and Indi- 10 
cates their presence to the central processor 36. The 
elapsed times between receipt of the trigger signal by 
the transmitter 3Sa and detection of the acknowledg- 
ment signals by the signal arrival detector 64 with re- 
spect to the receivers 32 are measured by the central 15 
processor 36 which computes a first set of distance 
measurements corresponding to the distances between 
the transducer 24 and the receivers 32. After the fist set 
of distance measurements has been computed the cen- 
tral processor 36 sends a trigger signal to the transmitter 20 
38^ which causes transducer 26 to propagate an acous- 
tic signal to the receivers 32 for computing a second set 
of distance measurements corresponding to the distance 
between the transducer 26 and each of the receivers 32 
spaced apart along the length of the pipeline. Finally, a 23 
third trigger signal from the central processor 36 actu- 
ates the transmitter 38c thereby producing an acoustic 
signal from transducer 28 so that the central processor 
36 computes a third set of distance measurements corre- 
sponding to the distance between the transducer 28 and 30 
each of the receivers 32. 

After all of the distances between each transducer 24, 
26, 28 and all of the receivers 32 are known, the central 
processor 36 computes the pipeline profile with respect 
to the vessel 14 as viewed from the top and side. Since 35 
the software for performing this computation is well 
known in the art it b not described in detail herein. The 
software is merely a straightforward implementation of 
conventional geometric formulae for determining the 
distance between two points spaced apart in three di- 40 
mcnsions. 

In order to display the profile of the pipeline with 
respect to a fixed frame of reference, the pipeline profile 
with respect to the vessel 14 is modified by measure- 
ments corresponding to the position of the vessel with 45 
respect to a fixed frame of reference. For this purpose 
pitch, roll and yaw sensors 66, 68, 70. respectively, are 
fed to the cenUal processor 36 through analog to digital 
converters 72 so that the central processor 36 can com- 
pute the side and top profiles of the pipeline with re- 50 
spect to a fixed frame of reference. A pipe position 
sensor 74 detects the position of the pipeline with re- 
spect to the vessel 14 and feeds these data to the central 
processor 36 to modify the pipeline profiles in accor- 
dance with variations in the relative position between 53 
the pipelme and the vessel between successive interro- 
gations. 

After the central processor 36 computes the side and 
top profiles of the pipeline the data are converted to 
proper form and sent to a display unit 76 such as a 60 
conventional CRT display. A teletype 78 is connected 
to the central processor 36 for accessing the central 
processor software and for entering data into the central 
processor 36. The above receiver interrogation proce- 
dure is repeated at a predetermined rate to plot new 63 
pipeline profiles as the position of the pipeline varies 
with time. The repitition rate of the interrogation proce- 
dure will depend upon the rate at which the pipeline 
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position varies and the accuracy required between in- 
terrogations. 

An alternative embodiment of the system utilizing 
several transmitters spaced apart along the length of the 
pipeline operates in a substantially similar manner. A 
trigger signal is conveyed to all of the transmitters 
through common conductors 60, 62 extending along the 
length of the pipeline. In response to the trigger signal 
all of the transmitters on the pipeline simultaneously 
generate an acoustic signal The elapsed times between 
transmission of the acoustic signals and receipt of these 
signals by three spaced-apart, non-linear and receiver- 
transducers are measured to provide three sets of dis- 
tance measurements corresponding to the distances 
between each of the receiver-transducers and all of the 
transmitters. 

As a further nx)dification, the trigger signal can be 
conveyed to the transmitters via an acoustic link instead 
of using the common conductors 60, 62. In this embodi- 
ment a transmitter operating at a frequency other than 
the frequency of the transmitters on the pipeline trans- 
mits an acoustic trigger signal to all of the pipeline 
transmitters. The acoustic trigger signal is detected by 
receivers in the pipeline transmitters which are tuned to 
the frequency of the initiate signal. The distance mea- 
surements are then computed as in the previously de- 
scribed system, except that the elapsed time measure- 
ments are approximately twice as great as those mea- 
surements where the trigger signal is sent via common 
conductors 60, 62. 

The manner in which the receivers or transmitter are 
secured to the pipeline is illustrated in FIO. 6. The 
pipeline includes laigths of metal pipe 100a;6 welded to 
each other at 102. Before being placed aboard the pipe 
laying vessel, the pipes 100 are pre-coated by a coating 
KM, such as concrete, along their entire length except 
for a small area adjacent their ends to allow access to 
the ends for welding on board the vessel. After the pipes 
tOOa, b are welded to each other, the exposed area of the 
pipe 100 adjacent the wdd 102 is filled with a protective 
substance such as bitumen which melts at about 450* F. 
A pair of recesses 108, 110 arc formed in the coating 104 
at diametrically opposed points spaced apart along the 
length of the pipeline. Receivers 32 are inserted into the 
recesses 108, 110 and are connected to the conductors 
60, 62 which are beneath the coating 104 and accessible 
at the recesses 108, 110. Electrical contact between the 
conductors 60ai 62a of one pipe 100a and the conduc- 
tors 60^ 62b of another pipe 1006 is made by a connec- 
tor 112 which is provided, adjacent the joined ends of 
the pipes so as to be accessible before the protective 
coating 106 has been placed around the weld 102. 

The recesses 108, 110 are placed at diamietrically 
opposed points so that at least one of the recesses will be 
acoustically visible to the transducers 24, 26, 28 at all 
times. A single recess might be acoustically shadowed 
by the pipeline when the recess was facing away from 
the vessel or when the recess way lying on the sea floor. 
Alternatively, the transmitters or receivers may be im- 
bedded in the bitumen adjacent the pipe joints. How- 
ever, the high temperature of the bitumen may require 
the receivers or transmitters to be insulated or special 
electronic designs may be required. 

In order to provide range discrimination to prevent 
measurements from receivers or transmitters a substan- 
tial distance from vessel, the conductors can be stag- 
gered as illustrated in PIG. 7. As the pipeline is played 
out successive lengths of overlapping conductors 62 are 
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disconnected from the vessel electronics 34 so that elec- square wave is generated at the output of comparator 

trical communication with receivers or transmitters 142. Similarly* as the amplified acoustic signal exceeds 

connected between conductors 60 and 62 is terminated the peak noise level by 10 dB a 30 KHz square wave is 

except for those receivers or transmitters connected to produced at the output of comparator 140. The '*+2 

the conductor 62 closest to the vessel. 3 dB** and 10 dB" signals are sent to a signal dischmi- 

A schematic of the receiver electronics is illustrated nator (FIO. 8B) which recognizes signals transmitted 

in FIG. 8. The acoustic signal is detected by a trans- from the transducers in the vessel. The "+2 dB'* signal 

ducer 48 such as a piezoelectric crystal. The low level is fed to NAND gate 144 which is initially enabled by a 

signal at the output of the transducer 48 is amptified by " T* at the output of inverter 146. The output of NAND 

a high gain, relatively wide band amplifier 120 which 10 gate 144 triggers a one-shot 148 which generates a 25 

boosts the signal about 25 dB and delivers it to a narrow microsecond pulse. One-shot 148 is retriggerable so that 

band amplifier 122 having a band pass frequency of 50 its output remains at a high or logic "1" level for 25 

KHz and a center frequency gain of about 50 dB. The microseconds after each leading edge at its input, 

output of the band pass amplifier 122 is further ampli- Since the output of NAND gate 144 is a 50 KHz 

fled by a variable gain, broad band amplifier 124 which 15 square wave, there is a leading edge every 20 microsec- 

allo ws adjustment of the system to compensate for van- ond& Because the pulse width at the output of one-shot 

ations in system parameters and environmental condi- 148 is 25 microseconds, the output remains at a high 

tions. The amplifiers 120, 122, 124 are well known in the level as long as the 50 KHz square wave is present at the 

art, and may be conventional high gain differential am- output of NAND gate 144. The Q output of the retrig- 

plifiers such as the RCA CA 3100 in combination with 20 gerable one-shot 148 is connected to the low level reset 

a ccHiventional passive network of resistors and capaci- terminal of a counter 150 so that when the "+2 dB" 

tors. signal terminates and the output of one-shot 148 drops 

The output of the amplifier 124 is connected to a to a low or logic '*0** level, counter 150 is reset. When 

comparator 126 such as an LM 3 1 1 which generates a the output of one-shot 148 is at a high level, counter 150 

constant positive voltage at the output for a positive 25 is enabled through AND gate 152. The 50 KHz square 

voltage comparison at the input* and zero volts at the wave at the output of NAND gate 144 is connected to 

output for a negative voltage comparison at this input. the clock input of counter 150, thereby incrementing 

The comparitor charges capacitor 128 through diode the counter once every cycle of the 50 KHz acoustic 

130 to its peak output voltage, and the capacitor 128 is signal. 

maintained at this voltage for a time smce reductions in 30 On the leading edge of the three count the counter 

voltage at the output of comparitor 126 back-bias diode 150 produces a pulse at its "3" output which clocks the 

130. The voltage across the c^iacttor 128 also appears voltage level at the diata input of flip-flop 154 to the Q 

across a volUge divider formed by resistors 132, 134, output of flip-flop 154. The dato input to flip-flop 154 is 

and 136. Because of the relatively large time constant of connected to the Q output of set-reset flip-flop 154 

the capacitor 128 in combination with the series resis- 35 which is reset on the "4** count of counter 150 and set 

tance of resistors 132, 134, 136, the voltage across the by the leading edge of the first "-h 10 dB** pulse from 

voltage divider is relatively constant. comparator 140. If the acoustic signal at the output of 

Since the comparator 126 has a relatively low output amplifier 124 has reached a peak value of 10 dB above 
impedence it quickly charges the capacitor 128 until the the peak noise level before the third cycle of an acoustic 
voltage at the junction between resbtors 134 and 136 is 40 sigiral having an amplitude at least 2 dB greater than the 
greater than the output of amplifier 124. At this point peak noise level, the Q output of flip-flop 154 rises to a 
the voltage at the output of comparitor drops to zero high or logic **V* level on the three count 
volts but the capacitor 128 remains charged a voltage On the four count of counter 150 the *'4** ou^ut of 
such that the voltage fed to the negative comparison the counter rises to a high level therdiy resetting set- 
input of comparitor 126 is substantially equal to the 45 reset flip-flop 156 and disabling counter 150 through 
peak voltage at the output of amplifier 24. Before the AND gate 152 so that the counter remains at the four 
receiver detects an acoustic signal only a noise signal is count. As long as the **2 dB" signal is present, the out- 
present at the output of amplifier 124. Thus the voltage put of retriggerable one-shot 148 remains at **1" and the 
at the junction between resistors 134 and 136 is a rela- counter 150 remains disabled. The output of flip-flop 
tively constant voltage equal to the peak noise level at 50 154 triggers a 20 microsecond one-shot 158 which satu- 
the output of amplifier 124. The divider ratio between rates transistor 160 to produce an acknowledgment 
resistors 136 and 134 is such that the voltage at the signal at the receiver output connected between the 
junction between resistors 132 and 134 is 2 dB higher emitter and collector of transistor 160. 
than the peak noise voltage at the junction between In summary, the third cycle of the "2 dB" signal 
resistors 134 and 163. Similarly, the divider ratio be- 55 establishes a window at which time the discriminator 
tween the resistors 132, 134 and 136 is such that the circuit examines whether the *^+10 dB*' signal is pres- 
voltage across the capacitor 128 is 10 dB higher than the ent. If the *'-|- 10 dB*' signal is present during the win- 
peak noise voltage at the junction between resistors 134 dow, an acknowledgment signal is generated. The ac- 
and 136. The circuit thus establishes voltage levesl cor- knowledgment signal at the Q output of flip-flop 154 
responding to ambient conditions so that the receiver 60 also triggers a lockout one-shot 162 which disables the 
does not respond to signals which are not significantly retriggerable one-shot 148 for 1.8 seconds through in- 
greater in amplitude than the noise or which are not verter 146 and NAND gate 144. The lockout one-shot 
transmitted from the transducers on the vessel. 162 prevents the receiver electronics from responding 

The amplified, 50 KHz acoustic signal at the output to delayed acoustic signals such as those which arrive 

ofamplifier 124 is compared to the 2 dB noise reference 65 indirectly from the transducers or which reflect off 

and the 10 dB noise reference by comparators 140, 142, underwater objects. The 1.8 second lockout signal, by 

respectively. Thus, as soon as the amplified acoustic disabling retriggerable one-shot 148, causes the output 

signal exceeds the peak noise level by 2 dB, a 50 KHz of one-shot 148 to drop to logic **0" thus resetting the 



01/15/2004, EAST version: 1.4.1 



4,124,990 



10 



13 



counter 150 so that at the end of 1.8 seconds the re- 
ceiver is once again able to respond to acoustic signals 
propagated by one of the other transducers. 

In the alternative embodiment of the system in which 
transmitters are placed at spaced-apart points along the 
pipeline and the receivers are mounted on the vessel, a 
substantially similar system would be used for the re- 
ceiver electronics on the vessel. 

The pipeline profiles allow the operator of the pipe- 
laying equipment to detect a bending radius below a 
critical value so that he can make adjustments to pre- 
vent damage to the pipeline. The top profile reveals 
whether or not the vessel is laterally offset from the 
pipeline path or is pointing in the same direction as the 
pipeline thus allowing the operator to correct the posi- 
tion and orientation of the vessel to prevent side buck- 
ling. The side profile reveals Aether or not the tension 
on the pipeline is correct thus allowing the operator to ^ 
modify the force exerted on the pipeline by the ten- 
sioner. If desired, the central processor may automati- 
cally analyze the data to detect a bending radius below 
a critical value using conventional mathematical tech- 25 
niques such as by using the second derivatives of the 
pipeline profiles. A signal can then be generated for 
automatically controlling the pipe tensioner and the 
vessel propulsion system so that a predetermined bend- 
ing radius is maintained. The top profile also verifies the 
location of the pipeline on the sea floor to ensure that it 
is within the right-of-way. 

The embodiments of the invention in which a particu- 
lar property or privilege is claimed are defined as fol- 
lows: 

1. A method for adjusting the tension of a non-sup- 
ported portion of an underwater pipeline extending 
from a pipe laying vessel to an ocean floor, said method 
comprising: 

securing said pipeline to said vessel through variable 
pipe tensioner means for exerting an axial force on 
said pipeline having a magnitude determined by a 
pipe tensioning signal; 43 



10 



30 



35 



40 



determining the profile of the non-supported portion 
of said pipeline between said vessel and said ocean 
floor in a plane of reference; 

analyzing said profile to determine the minimum 
beading radius of said portion; 

and producing a pipe tensioning signal for the ten- 
sioner means indicative of said minimum bending 
radius to vary the tension of said pipeline thereby 
maintaining said minimum brading radius above a 
predetermined value. 

2. The method of claim 1 wherein said pipeline profile 
is determined by providing two spaced apart vessel 
reference points on said vessel, providing a plurality of 
pipeline reference points spaced apart along the length 
of said pipeline, measuring the distances between each 
of said vessel reference points and all of said pipeline 
reference points, and processing said distance measure- 
ments to provide an indication of the profile of said 
pipeline. 

3. The method of claim 2 wherein said distance mea- 
surements are accomplished by transmitting acoustic 
signals between said vessel reference points and said 
pipeline reference points, measuring the transit times of 
said acoustic sigmUs, and calculating a distance corre- 
sponding to each of said transit time measurements. 

4. An apparatus for adjusting the tension of a non- 
supported portion of an underwater pipeline extending 
from a pipe laying vessel to an ocean floor, said appara- 
tus comprising: 

pipe tensioner means mounted on said vessel, said 
tensioner means exerting an axial force on said 
pipeline having a magnitude determined by a pipe 
tensioning signal; 

means for determining the profile of the non-sup- 
ported portion of said pipeline between said vessel 
and said ocean floor; 

bending radius calculating means for analyzing said 
profile, determining the minimum bending radius 
of said portion and generating a pipe tensioning 
signal indicative of said minimum bending radius, 
said calculating means controlling said tensioner 
means to vary the tension of said pipeline thereby 
maintaining said minimum bending radius above a 
predetermined value. 
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